Journal ofthe Royal Society ofMedicine Volume 72 September 1979 Viral involvement in atherosclerosis Recent events indicate that MD has not yet exhausted its possibilities of surprising us. Fabricantetal. (1978) have reported that MDV infection can lead to occlusive atherosclerosis of large muscular arteries in both hyper-and normocholesterolaemic chickens, with lesions resembling those of chronic atherosclerosis in human arteries. Grossly visible, often occlusive, atherosclerosis was seen in MDV-infected chickens with either normal or increased blood cholesterol levels and this gross change was absent in controls. Microscopically, lesions were present in the majority of MDV-infected birds fed cholesterol, but in few fed cholesterol alone.
These lesions may have resulted from viral injury to the arterial wall, from an immunological response to virus or tissue, or possibly from oncogenic transformation of arterial smooth muscle. Antimicrobial defence mechas In lower anjnals1
Despite the fact that we are able to overcome most of the infections that afflict us and that immunization procedures have been extremely successful against smallpox and a number of other diseases, we still know remarkably little about the actual mechanisms ofimmunity against microorganisms. The mouse has contributed much to our understanding of the immune response as a whole and gradually our knowledge of the delicate interplay between cell-mediated and humoral immunity, macrophages and lymphocytes and sets and subsets of lymphocytes is becoming clearer. The immune response of mammals is extremely complex and this complexity continually frustrates attempts to come to terms with the actual nature of antimicrobial defence mechanisms. For some diseases, such as influenza, we already possess a wealth of knowledge; for others, including the most important diseases in the tropics, we are little further forward than we were before the immunological revolution began. It is tempting, therefore, to turn to less complex immune systems as sources of information and in a symposium on antimicrobial defence mechanisms published in this issue (page 683) the responses of invertebrates, amphibians and birds are compared with those of man.
Much has been written recently on immunity in lower animals (Bulla & Cheng 1977 , Cooper 1977a , Cooper & Dayton 1977 , Manning & Turner 1976 , Marchalonis 1977 , Solomon & Horton 1977 . It is generally held that the immune response evolved first as a cell-mediated one and later in a humoral form. There is little doubt that the lowest vertebrates possess a fully effective cell-mediated response to skin grafts and exhibit delayed hypersensitivity reactions. Many researchers have looked for evidence of cell-mediated immunity of the vertebrate type in invertebrates (Cooper 1977b) but the evidence for its existence is largely circumstantial and unconvincing. Cell-mediated immunity, therefore, probably evolved with the first vertebrates and seems to have remained substantially unchanged ever since (Wright & Cooper 1976 ). There is less argument about humoral immunity in invertebrates, for although these animals possess a variety of substances that may be antimicrobial in nature these do not include immunoglobulins (Bulla & Cheng 1977 , Hildemann 1974 , Parish 1977 . Immunoglobulins do not occur in lampreys, the most primitive vertebrates alive today, but do occur in all higher vertebrates from hagfish to mammals. In the most primitive forms, IgM is the only immunoglobulin with antibody activity. In the hagfish and cartilaginous fish it takes the pentameric form characteristic of mammals but in the bony fish it is tetrameric. In all these fish, monomeric forms of IgM occur and, unlike the monomer of mammalian IgM, these have antibody activity. IgG appears as a second class of immunoglobulin in the terrestrial line which includes amphibians, reptiles and birds as well as mammals. A fourth class of immunoglob- This overview of the evolution of the immune response is too simple and each group of lower vertebrates has evolved immune responses appropriate to its specific needs; in particular, the immunological responses of fish seem to have unique features, and it may well be that amphibian IgG and avian IgA are not as similar to the equivalent mammalian immunoglobulins as was once thought. Nevertheless, it seems worthwhile to examine the immune responses of the lower vertebrates in order to gain additional insight into those of humans.
Why is it worth studying the immune responses of lower vertebrates when mammals such as mice and monkeys have responses much more like those of humans? It is, in fact, the differences that are best studied and here the lower vertebrates offer several advantages, the most important of which are the slow speed at which the responses occur and the separate and distinct operation of the Tcell and B-cell components ofthe immune response. The mammalian immune response occurs so rapidly and is so intricately controlled that particular aspects of it may be difficult to analyse in isolation. The use of amphibians in the investigation ofadjuvant activity is discussed on pages 696-700 and this is but one use of lower vertebrates. It should be possible to examine the separate effects on humoral and cell-mediated immunity of a variety of substances that bring about immunopotentiation or immunodepression. This is the practical side.
On the more theoretical side, studies on comparative immunology of the lower vertebrates should help to answer the question as to whether the cell-mediated response arose primarily as a surveillance system for the detection and elimination of neoplastic cells or as a defence mechanism against microorganisms (Hildemann 1977) . The available evidence is not yet helpful on this point but should it be discovered that in lower vertebrates T-cell recognition of virally or spontaneously altered cells does occur, then the whole question of cell-mediated immunity to infections caused otherwise than by viruses will have a new starting point.
It would be foolish to advocate that clinicians and medical immunologists should begin to devote themselves to studies in comparative immunology. To do so would probably be to invite superficial and possibly false comparisons. As more becomes known about the immune responses of lower animals the more complex they themselves seem to be. Comparative immunobiology is the province of the zoologist and it is as much the duty of the medical immunologist to keep himself informed of why zoologists are doing what they are as it is for the zoologist to ask himself how his studies are relevant to man and how they can be used.
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